The intracellular environment of a cell hosts a wide variety of enzymatic reactions, diffusion events, molecular binding, polymerization and metabolic channeling. To transform these biological events into a computational framework, distinct modeling strategies are required. While currently no tool is capable of capturing all these events, progress is being made to create an integrated environment for the modeling community. To address this niche requirement, Cellware has been developed to offer a multi-algorithmic environment for modeling and simulating both deterministic and stochastic events in the cell.
INTRODUCTION
Recent advancements in Systems Biology have encouraged researchers to move from 'few-reactions-based' to the 'whole-cell-based' and 'whole-organ-based' models. Though the initial efforts have been fairly successful, the task of finding a closest mathematical equivalent of cellular processes has been truly daunting. Added to this an the temporal and spatial complexities due to differential time scales of cellular events, cross-pathway interactions and emergent phenomena. Thus, a uniform modeling approach cannot capture the immense diversity of a cell. In the past, a number of tools have been developed for cell modeling and simulation: Dynetica (You et al., 2003) , E-Cell (Tomita et al., 1999) , GEPASI (Mendes, 1993) , StochSim (Le Novere and Shimizu, 2001), Stocks (Kierzek, 2002) and Virtual Cell (Loew and Schaff, 2001) . However, an integrated modeling environment is still warranted to model diverse cellular processes using distinct mathematical descriptions. For example, for modeling gene expression a stochastic method is more appropriate while for modeling metabolic pathways a deterministic approach is more suitable. Cellware, a multi-algorithmic modeling and * To whom correspondence should be addressed. simulation software, has been developed to precisely address this requirement of the modeling community.
FEATURES
Cellware uses a proprietary file format (Cellware model or CWM) that stores information pertaining to the model and the corresponding simulation environment. Cellware can also import models from the (System Biology Mark-up Language SBML) format. Cellware is platform-independent and has been successfully tested on Windows, Linux and Macintosh. Following are minimum system requirements for running Cellware: Windows, 1 GHz Intel Pentium CPU Microsoft Windows 95, 98, 2000 and XP, 128 MB RAM, 10 MB free disk space or Linux 2.2.* Kernel on i686 processors, 128 MB RAM, 10 MB free disk space. Macintosh Power G3/G4 processor, Mac OS 9.0, 10.0, 128 MB RAM, 10 MB free disk space.
Following are the unique features of Cellware (current version 1.1). (i) Multi-platform: Cellware is a multi-platform software developed in Java. The user need not worry about specific installation issues on different platforms. (ii) User Interface (UI): The UI has been designed in the drag and drop format, most convenient to biologists ( Fig. 1 ). It offers automatic force directed and hierarchical layout algorithms for drawing a pathway. (iii) Extensive Algorithms Library: Cellware comes with extensive library support that includes both stochastic (Gillespie and Gibson) and deterministic algorithms (Euler, Runge-Kutta fourth-order explicit scheme and Dormand Prince stiff ODE solver). Cellware offers a hybrid stochastic approach, which can simulate random biochemical events with a computational complexity comparable to common deterministic methods. Like the deterministic methods, the hybrid method uses a constant time step, t, per iteration. However, rather than calculate the change in Xi during (t, t + t) deterministically, it uses a poisson distributed random number. The mathematical basis of this approach is equivalent to other stochastic methods. The algorithm can be used to simulate the network to a required degree of accuracy with lesser computational requirements. Simulation with Cellware may be performed in the batch mode (results are saved in a file) or in the interactive mode (results plotted in a new window). A simulation speed control knob is also provided in the plotter window that accelerates/decelerates the simulation speed, depending on individual requirement. Cellware 1.1 provides two different automatic graph layout algorithms (force directed method and hierarchical) that can be used while importing SBML files. The basic criterion is to minimize the crossing of edges and avoid the overlapping of nodes. The software deals with mass action, Michaelis-Menten kinetics, competitive inhibition, non-competitive inhibition, hills cooperativity and user-defined rate laws. Currently, we are using Cellware to create a stochastic model of the yeast cell cycle. However, version 1 of Cellware cannot model diffusion, polymerization, membrane transport and electrophysiological events. Cellware is SBML compliant (Hucka et al., 2003, http://www.sbml.org) . At present, Cellware supports SBML, level 1, version 1. The next version of Cellware will include additional features like parameter estimation, client server architecture and would be grid enabled.
